536th MEETING, LONDON 57 1 when 40W is being dissipated between the electrodes and the tank buffer temperature is 2°C. Material is collected by pumping a small quantity of buffer solution between the gel and the membrane (lml for 6cm-diameter gel, 2.5ml for 9cm-diameter gel and 6ml for the 14.5cm-diameter gel). After a pre-set time, which is variable from 5 to 45min, all this buffer is pumped out and delivered to a fraction collector via a U.V. absorptiometer. Buffer solutions and gels containing sodium dodecyl sulphate or urea have been used and present no difficulties. Proteins that have been prepared with this apparatus include 19 S thyroglobulin (Brownstone, 1969), human a-globulin (Charlwood, 1969), human transferrin (Charlwood, 1971) mouse serum immunoglobulin M (Parkhouse & Askonas, 1969) and adenovirus penton base antigen (Winters et al., 1970) .
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The design of this apparatus precludes the use of gels longer than about 6cm because of the cooling procedure; an automatic recycling system has therefore been developed to increase the effective length of the gel when necessary. This enables two adjacent but imperfectly separated bands to be further resolved by repeated passage through the gel. By using a suitable combination of tank and collecting buffer it is possible to reconcentrate the material each time it is loaded, and thus the dilution caused by diffusion of the band is limited to that caused by one passage through the gel.
Cellulose acetate dialysis membrane carries a negative charge, and when used in the above apparatus will give rise to an endosmotic flow of fluid towards the cathode under alkaline conditions. It is also found that the conductivity of the collecting buffer is increased by an amount that depends on the current flowing and the time-interval between pumping cycles. It is desirable to avoid these effects when the recycling procedure is used, and to accomplish this the membranes are treated with diethylaminoethyl chloride hydrochloride, in the presence of 1 M-NaOH, to neutralize the charge. The amount of the reagent used must be determined by trial and error, but is usually about 2.6-3.2% (w/w) of the dry membrane. To check whether the membrane is still charged it is soaked for a few minutes in a solution containing a mixture of an anionic and a cationic dye, e.g. Bromophenol Blue and Pyronine Y. After a washing in clean water for about l0min the membrane should not retain either dye. Classical high-voltage electrophoresis generally uses paper as a supporting medium, and its use is usually limited to small molecules such as amino acids, purines and pyrimidines, imidazoles, indoles, peptides etc. (Efron, 1968) . High voltages have also been used for the separation of proteins in agar gel, where cooling was achieved by carrying out the run at an ambient temperature of 4°C with the gel plate immersed in light petroleum (Wieme, 1959) . Undue temperature rise during the electrophoretic run with consequent evaporation from the surface of the supporting medium is a problem that has tended to limit the application of high-voltage fields to preparative techniques, particularly where proteins were involved and where denaturation was likely to occur. However, preparative blocks have been used frequently at low temperatures for the successful separation of proteins, glycoproteins, glycopeptides and acid glycosaminoglycans (Weiss, 1968) .
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Fig. 1. Apparatus for high-voltage preparative block electrophoresis
The apparatus is shown with sponge pads and plastic bars in position ready for the block to be poured.
A machine (Fig. 1 ) has recently been designed (Chandos Products Ltd., New Mills, Cheshire, U.K.) that enables the virtues of high-voltage fields to be applied to the separations of materials in preparative blocks and that successfully overcomes problems of excessive heat generation. The power supply, which incorporates a thyristor stabilizing device, gives 5000V at currents up to 250mA. There is provision for stabilization of either voltage or current with optional limitation of the other parameter. The base-plate (33cmx16cni) is of aluminium machined to a tolerance of 0.025mm (0.001 in) and evenly refrigerated by means of a high-capacity refrigeration unit with direct expansion into coils cast into the aluminium block. A safety trip is incorporated into the electronic circuitry and coupled to micro-switches that disconnect the highvoltage power supply if the lid is opened during the run. A built-in timer is incorporated into the machine.
In the experiments described below Pevikon C-870 (Shandon Southern Instruments Ltd., Camberley, Surrey, U.K.) has been used as a supporting material. This material, which is a co-polymer of polyvinyl chloride and polyvinyl acetate, has the advantage that it gives rise to negligible electro-osmotic flow and is completely non-swelling and insoluble in aqueous solvents (Muller-Eberhard, 1960; Weiss, 1968) . Before use the Pevikon C-870 is washed, to remove small quantities of contaminant metal ions, by the method of Weiss (1968) .
Preparation of the Pevikon block
The metal base-plate of the apparatus is covered with a sheet of polythene 0.38mm (0.015 in) thick. The sheeting is run continuously across the base-plate and beneath the electrode vessels, and is held securely by clips adjacent to the electrode vessels. Two plastic bars (33cmx 1.5cmx lScm), each graduated along its length in l c m divisions, are laid along the base-plate at a distance apart determined by the width of block desired for individual experiments. A light coating of Vaseline petroleum jelly holds the bars in contact with the base-plate and prevents slipping. The supporting plate and plastic bars are covered with a loose sheet of thin polythene to contain the block.
Spontex sponge-rubber pads are cut to a width of 5cm and to a length corresponding 536th MEETING, LONDON to the distance between the two plastic bars and are placed on top of the loose polythene sheet, between the plastic bars, at either end of the metal base-plate.
A slurry of washed Pevikon C-870 in an appropriate buffer is prepared to a viscosity that should be such that it is just sufficiently fluid to pour. The slurry is then poured into the supporting arrangement to the required depth. As the Pevikon particles tend to settle out, the block must be poured quickly. Best results are obtained if the slurry is continuously stirred during the pouring process. The Spontex pads are changed when they become saturated, wrung out and re-used until the block has solidified. Application of the sample is generally as described by Weiss (1968) , except that slits of 1 cm thickness have been found to be satisfactory. When such thick slits are used the floor of the slit is covered with a thin layer of Pevikon C-870 in buffer before application of the sample. In this way sample volumes as great as 30ml have been successfully applied. After application of the sample the surface of the block is covered with thin polythene sheet, the Spontex pads are removed and the block is connected to the buffer tanks by wicks of thick paper or other suitable material, and the block is refrigerated to approx. 2°C before the current is switched on.
Separation of serum globulins
An 8ml volume of serum was applied to the cathodic side of a block (33cm x 15cni x 1 cm) of Pevikon C-870 in barbitone buffer, pH8.8 and 10.02. The potential gradient was 70V/cni length. As no temperature rise occurred during a 6h run, the current remained constant at 6mA/cm width.
After the run, one-third of the block width was eluted to determine the position of individual protein peaks. The elution was in 1 cm-thick sections and each section was washed with 2ml of the running buffer. The method of elution was that of Weiss (1 968). , 1970) . In addition, the immunoelectrophoretic pattern of five of the separated protein fractions was determined. The results of the separation are shown in Fig. 2 . The shoulder in the immunoglobulin G peak (Fig. 2) 
Separation of urinary peptides
A 5ml volume of a preparation of peptides from normal human urine in the molecular-weight range 800-1200 (Lote & Weiss, 1971 ) was applied to the centre of a block (33 cm x lOcm x 1 cm) of Pevikon C-870 in pyridine-acetate buffer, pH5.3 (100ml of pyridine and 32ml of acetic acid in 10 litres of distilled water). The potential gradient was 11OV/cm length. The block was eluted in 0.5cm sections, each section being washed with 1 ml of pyridine-acetate buffer. Twentythree ninhydrin-positive peaks were identified in the block. Fifteen of the peaks were on the cathodic side of the origin and eight on the anodic side.
It would seem that the apparatus described here is suitable for the separation of proteins and peptides at high voltages in preparative amounts. The technique is easily learnt and is not tedious. The major advantage of the apparatus is the efficiency of its refrigerated base-plate, which allows the resistance of the block to remain unchanged during the electrophoretic separation.
